The relationship between student achievement and school inputs has long been a subject of academic research. The general conclusion of past research is that school inputs, such as the number of teachers relative to pupils, has little impact on student academic outcomes. This paper provides a fresh look at this issue. Seventeen alternative measures of student performance in North Carolina school districts are related to a wide array of school policy inputs and socioeconomic characteristics of students and their families. Both static and dynamic analyses are performed. The key findings are (1) the school policy inputs significantly related to student achievement vary by the measure of student achievement used, (2) the joint contribution of school policy inputs to student achievement is relatively small, and (3) the results differ between the static and dynamic analyses; in particular, changes in the number of teachers relative to the number of pupils in the district have a much stronger association with student achievement in the dynamic analysis.
outcomes. Yet many of these studies suffer from an extended "omitted variables" problem. It is very difficult to control for all the factors, especially innate student characteristics, that affect school performance.
One way to handle the omitted variables problem in school performance studies is to conduct a dynamic analysis rather than a static analysis. The most common study estimates the relationships between student outcomes and school inputs using a cross section of data from many schools or districts at a point in time. We call this a static analysis (other researchers call it a "level" analysis).
In a static analysis it is crucial to include as many control variables as possible so that parameter estimates are unbiased.
A dynamic analysis utilizes input and outcome data from schools and districts over time.
Changes in outcome measures are related to changes in inputs (some researchers call this a "value-added" analysis).
In this case, omitting variables such as the innate characteristics of students is not as worrisome for two reasons.
First, the effects of their "levels" on these characteristics will be captured by the initial level of student achievement. Second, in a dynamic analysis it is the changes in innate characteristics that are omitted. As long as the innate student characteristics and the geographic definition of the school districts change little, then the omission of innate characteristics will have little impact on the analysis.
The contribution of this paper to the literature on school inputs and educational outcomes is the comparison of results derived from a static analysis and dynamic analysis. In particular, do the results for key input factors, such as the number of teachers relative to pupils, change when moving from a static analysis to a dynamic analysis? Can the failure to use a dynamic analysis in most studies explain the lack of significance of key school input variables?
There are other important features of the paper. First, the study uses data at the school district level, where most control and decisionmaking about school inputs reside. Second, the study uses 17 measures of educational outcomes. Third, the study includes an extensive collection of both human and capital school inputs. Last, the study explicitly considers the issue of how much collective impact school inputs have on educational outcomes.
The paper is structured into five sections. The next section reviews the literature examining linkages between school inputs and educational performance of students. The third section presents the static and dynamic models of the educational production function. The data used to implement the models and the empirical results are discussed in Section Four. Conclusions, implications, and recommendations are offered in the last section.
Previous Work
The examination of the relationship between student performance and school inputs began with the Coleman report in 1966. Since then, scores of articles and research reports have been published on the topic. Studies have been conducted in almost every conceivable way. Cross section and time series analyses have been performed. The unit of analysis has included individual students, individual schools, and school districts. Hanushek (1986) provides an excellent review of 147 of these studies. The most telling conclusion of his review is the inconsistency of findings regarding school policy variables. Variables such as the teacher/pupil ratio, teacher education, and expenditures per pupil were largely found to have no impact on student performance. For example, in the 112 studies which included the teacher/pupil ratio, Hanushek reports that only nine found a statistically significant positive linkage to student performance.
Similarly, in the 65 studies which included expenditures per pupil, only 13 found a positive and statistically significant tie to student output.
In contrast, Hanushek found a strong tie between socioeconomic characteristics of students' backgrounds and student achievement in the studies. In particular, students whose parents have more income or more education tend to perform better in school.
Since Hanushek's review, additional studies have examined the effect of administrative control on student achievement. Dowries and Horowitz (1995) examined whether moving resource control from the district level to the building level had any impact on student performance in Chicago schools. They found these changes had little impact on student achievement after accounting for student and neighborhood characteristics.
Anderson, Shughart, and Tollison (1991) focused on potential negative impacts of school bureaucracies on student performance. They speculated that increases in the number of school bureaucrats, or administrators, and in their spending may reduce student output by creating more rules, paperwork, and workshops for teachers to add to their busy schedules. Such work substitutes for classroom time and preparation by teachers and thereby reduces successful achievement by students. The authors found support for their theory by finding that increases in non-teaching staff and spending were associated with lower student achievement. Ballou and Podgursky (1997) found no positive relationship between teacher pay and student performance. They attribute this finding to the structure of public schools, which generally provides across-the-board pay raises rather than raises tied directly to performance.
Finally, Ferguson and Ladd (1995) have added to the debate about the influence of the teacher/pupil ratio on student performance. In their study of Alabama schools they found smaller class sizes were consistently related to improved student test scores. However, they did not control for the effects of non-instructional spending. The variation in findings for the education production function and the inconsistent findings for school policy variables indicate it is risky to apply findings from other studies to a region or state of interest. In addition, no work has been done comparing results for the same data set for a static analysis and a dynamic analysis.
ModeIs
We use a standard production function model to analyze the determination of student achievement. The model relates a measure of student achievement, A, to a series of school policy inputs, X, and a set of socioeconomic characteristics of the student and student's family, Z:
(1) A = f(X, Z).
Typically, student achievement, A, is measured by standardized test scores. The school policy inputs are usually measured on a perpupil basis, such as teachers per pupil, administrators per pupil, and spending per pupil. The socioeconomic characteristics are often the income and education of students' parents and any special characteristics of students. Focusing on the school policy inputs, equation (1) can be rewritten as:
where xl, x2, . . . . Xnare individual school policy inputs such as total number of teachers, total number of administrators, and total spending, p is total number of pupils, and z{, z~, ..., Zn are individual socioeconomic characteristics.
Taking the log of the dependent variable and of the input ratios and expressing equation (2) in log-linear form yields: Note in equation (4)'s formulation that the impact of the number of pupils (p) is estimated separately from the impacts of the school policy inputs and socioeconomic characteristics. However, our results are still comparable to those where school policy inputs, such as the number of teachers, are measured on a perpupil basis (i.e., the teacher/pupil ratio). For example, in equation (4), assume the school policy input xl is the number of teachers. Then, the coefficient al measures the effect of a change in the (log of the) number of teachers on student achievement, holding all other inputs and the number of pupils constant, That is, al measures the effect of changing the teacher/pupil ratio by changing the number of teachers and leaving the number of pupils unchanged.
Since there are three years of data for each school district, we have the ability to conduct a dynamic analysis. The dynamic analysis examines the relationship between changes in student achievement measures and changes in inputs. Many researchers consider dynamic analysis to be superior to static analysis because the inability to measure innate student characteristics is not as much of a problem when examining changes in output measures.
In deriving the dynamic estimating equation, consider first the equations for the determination of achievement in the same school district in two time periods, t and t + 1:
A,+, = at+, X~+,/p~+l + b~+lZ~+,/p,+l,
where, for simplicity, X now stands for all school policy inputs and Z stands for all socioeconomic inputs. If we assume the production functions are the same in both time periods, that is,~=~+1 = a and b, = b~+l = b, then the difference in achievement scores between the two time periods is:
A,+, -A, = a(X,+, /p,+, -X,/p,)
Taking the log of scores and input ratios and then expressing the difference in the achievement scores gives:
Rearranging terms yields:
(9) in A,+, = in A, + c(ln X,+, -in X,)
Equation (4) is the form of the production function estimated in the static model and equation (9) is the model for the dynamic analysis.
Last, an important issue for policy makers is how much collective influence school policy inputs have in explaining variation in student achievement. We use two procedures to answer this question. As a maximum, or upper bound, of the collective contribution, we regress the student achievement measure on only the school policy inputs and take the R2 from this regression as the upper bound. This is the maximum joint contribution of school policy inputs because it gives credit to school policy inputs for effects that, in fact, might be due to socioeconomic inputs that are merely correlated with the school inputs.
We calculate the minimum, or lower bound, of the joint contribution of the school policy inputs in the following way. First, we regress the school achievement measure on only the socioeconomic inputs. We then take the residuals horn this regression and regress them on the school policy inputs. The sum of squares due to regression from this residuals regression divided by the sum of squares total from the upper bound procedure is the lower bound R2. This is the minimum joint contribution of school policy inputs because, this time, all of the impact from joint correlation between the school policy inputs and socioeconomic inputs is attributed to the latter inputs.
Data and Empirical Results
The study is performed using school districts in North Carolina as the unit of analysis. There Raleigh, NorthCarolina, 1991 , 1992 , 1993 are 129 districts in the state.2 Data were collected for each of these districts for three academic years-1989-1990, 1990-1991, and 199 1-1992 . Student achievement, non-financial school policy inputs, and socioeconomic inputs were taken from annual editions of the
North Carolina
Report Card published by the North Carolina Department of Public Instruc2All the districts are public school districts, and two-thirds are single-county districts. Private and home schooling are relatively minor, ranging from a low of 0.2 percert to a high of 12 percent of students in the districts, with the state average being 5.7% (North Carolina Department of Public Instruction).
tion. Financial policy inputs were taken from annual editions of the Statistical Projile, also published by the North Carolina Department of Public Instruction. A feature of our study is the use of multiple measures of student achievement. Seventeen alternative measures, listed in Table 1 , are used. Most are scores on standardized tests. A wide range of school policy inputs, including the number of teachers, administrators, aides and other staff, and spending on salaries, equipment, and supplies, is used in the study. These are listed and identified in Table 2 . Unfortunately, one factor we are lacking is teach- 1991, 1992, 1993. er experiences All financial amounts are expressed in 1992 dollars.
Socioeconomic characteristics of the school districts' students and their parents are given and identified in Table 3 .4 Income of parents was not available, but the number of pupils receiving a free or reduced school lunch should be a proxy for this characteristic.
Last, since the data are pooled over three years, dummy variables are included to control for year effects.
In the static analysis, YEAR9091 means the observation is from ac3Hanushek found a positive effect of teacher experience on student performance in one-third of the studies he examined, while Ferguson and Ladd found no impact of teacher experience.
4The number of pupils (PUPILS) is classified as a socioeconomic input and not a school policy input because school districts are more likely to be presented with the number of students they serve than they are to select and determine the number of pupils in the dktrict.
ademic year 1990-91 and YEAR9192 means the observation is from academic year 199 l-92. The intercept category is academic year 1989-90, In the dynamic analysis, the dummy variable DYR9 192 indicates the observation is measured by the change from academic year 1990-91 to academic year 199 1-92. The intercept category includes the year effect when the observation is measured from academic year 1989-90 to academic year 1990-91.
Means, standard errors of means, and ranges for all variables in levels (that is, non-log form) are given in Table 4 . Since there are three years of data for each school district, there are 387 (129 X 3) observations. In the static model, each of the 17 student achievement measures was regressed on the set of school policy inputs and the socioeconomic characteristics.
Since the equations were estimated in log-linear form, the parameter estimates are elasticities.
The results are given in Table 5 and are summarized in Table 9 . Looking first at the socioeconomic characteristics, the race, income proxy (FREELUN) and education variables are statistically significant in most of the equations. NONWHITE is negative and statistically significant in 12 of the 17 equations with most elasticities in the -0.02 to -0.06 ranges FREELUN is negative and statistically significant in 16 of the 17 equations and has elasticities in the -0.04 to -0.20 range. Of the education variables, the high school education variable (EDU8T0 12) and the highest education category (EDUCOL) are the most consistent throughout the equations. EDU8T012 is negative and statistically significant in 11 of the 17 equations with elasticities between -0.02 and -0.20. EDUCOL is positive and statistically significant in 13 of the 17 equations with most elasticities ranging from 0.10 to 0.40. Everything else being equal, children from parents who did not complete high school perform poorer than children from parents with some college education, Of the remaining socioeconomic characteristics, GIFTED, ABSENT, and PUPILS have the most consistent results. GIFTED is positive 5Ferguson and Ladd found a similar result. and statistically significant in nine of the 17 the 17 equations.b PUPILS is positive and staequations, and it is negative and statistically significant in only two equations. ABSENT is GIt could be arguedthatABSENT is an endogenegative and statistically significant in six of nous variable. We use it as an exogenous variable to tions. Thus, the findings of the static analysis do not support the work of Anderson, Shughart, and Tollison (1991) , who expect spending on school administrators to be negatively related to student performance.
The number of teachers (TEACHER) is statistically significant in only five equations, with one positive and four negative signs. Again, because the coefficient on the number of teachers is estimated holding the number of pupils constant, these results are comparable to testing the impact of the teacher/pupil ratio by altering the number of teachers. Thus, the findings are similar to the results of many other studies which show no major impact of the number of teachers (or the teacher/pupil ratio) on student achievement.8
It is interesting to contrast the lack of significant impacts for TEACHER to the better findings for SPECIAL and GRAD in the static model. The static results suggest that school districts will have a greater likelihood of im-8A reviewer suggested that one explanation for the weak findings for number of teacher8 could be inadequate variations in the teacherlpupil ratio: The teacherf pupil ratio varied from a low of 0.056 to a high of 0.065, proving student performance if specialists are increased or if existing teachers are encouraged to attain graduate degrees rather than if the number of teachers is simply increased.
It is also interesting to note the lack of consistent results for REALCOMP (teacher pay and benefits). REALCOMPis statistically significant in only three equations, and in one of these the sign is negative.9 The static results 'As was noted, wedonot have teacher experience as an explanatory variable. If teacher experience and teacher compensation are positively correlated, then the omission of experience will bias upward the coefficients on REALCOME don't support the notion of raising teacher pay as a way of improving student performance.
In the two SAT equations (VERB and MATH) it is important to control for the number of test takers because, unlike the other tests, the SAT is an elective test. It is expected that the greater the number of test takers, the lower the average score. In the VERB and MATH equations the signs on NUMTEST are negative but not statistically significant.
There are some notable differences in the results across achievement measure and grade level. The highest R2's are for the sixth and eighth grade CAT reading scores, sixth grade and VERB, each with R2' above 0.600. In contrast, among the lowest R2's are the equations for North Carolina sixth and eighth grade writing test scores. These results make sense if writing tests tend to be more subjective.
Recent attention has focused on improving early grades' educational outcomes. The most consistent school input performers among the three third grade scores (CAT3RED, CAT3MATH, NC3SCI) are GRAD, ADMIN and AIDES, with each being statistically significant in two of the three equations.
How much collective influence do the school policy inputs have on student achievement? The results of implementing our lowerand upper-bound calculations are given in Table 6. The numbers are sobering for the impact schools can have on student achievement.
In the lower-bound calculations, the joint contribution of school policy inputs ranges from 1 percent to 11 percent. In the upper-bound calculations, with three exceptions, the contribution of school policy inputs ranges from 6 percent to 28 percent. The three exceptions are NCSCHOL (86 percent), UNCADM (94 percent) and UNITS5 (98 percent). Thus, with these three exceptions, the most that variation in school inputs can collectively "explain" is 28 percent of the variation in student achievement. Next, the results of the dynamic model are presented and discussed. Since we have three years of data for 129 districts, there are 258 two-year comparisons. The regression results are given in Table 7 and are summarized and compared to the static results in Table 9 .
Clearly the most important determinant of this year's test score is last year's test score. The lagged value of the test score is positive and significant in each of the 17 equations, and in the majority of equations the coefficient is between 0.7 and unity.
Among the socioeconomic inputs, the most consistent results are for APUPILS, and AEDUCOL. The coefficient on APUPILS is positive and statistically significant in seven of the 17 equations and not significantly negative in any equation. In equation 9 the parameter estimate on APUPILS is multiplied by a negative. 10 Therefore, our results suggest that, holding other inputs constant, increases in the rate of increase of students in a school district will lead to lower average student achievement measures next year for seven of the 17 output measures. Notice that three of the seven significant APUPILS coefficients occur for third grade test scores.
The coefficient on AGIFTED is negative and statistically significant in four of the 17 equations. This is contrary to expectations, but one possible explanation follows. If faster increases in the number of students classified as gifted in a school district is due not to more gifted students moving into the district, but is a result of more existing students being classified as gifted, then such students may perform more poorly on standardized tests as a result of the time they are "pulled away" from regular classroom instruction.
10 Ag~i~, the p~dmeter HdUIEikX on AP"plLs were restricted to equal the sum of the parameter estimates on school policy inputs and socioeconomic inputs, but not including the parameter estimate on the lagged score. The coefficient on AEDUCOL is positive and significant in six of the 17 equations. All of the significant coefficients occur for elementary school scores. The coefficient on ANONWHITE is statistically significant in only two of the 17 equations, with one coefficient being positive and one being negative.
Among the school input variables, the most noteworthy result is for ATEACHER. The coefficient on ATEACHER is positive and statistically significant in six of the 17 equations and significantly negative in none. This is dramatically different from the results in the static analysis, where the coefficient on TEACHER was positive and statistically significant in only one equation. The dynamic results suggest that districts which increase the number of teachers at a faster rate than other districts will see a greater increase in test scores for six of the 17 performance measures.
Among the other school inputs, the most consistent results are for AGRAD, AADMIN, and ASPECIAL. The variable AGRAD is statistically significant in six of the equations, with five of the coefficients being negative. This is almost the reverse of the findings in the static model. In contrast, the results for AADMIN and ASPECIAL are similar, al- though not as strong, as in the static analysis. Both have positive and statistically significant parameter estimates in four equations, and statistically negative estimates in none. The same procedures that were used in the static analysis to estimate the total contribution of school policy inputs were also applied to the dynamic analysis. 11 Upper-and lowerbound estimates for the total contribution of change in school policy inputs to this year's achievement scores, given last year's scores, 11 In these calculations, the lagged achievement score was includedwith the socioeconomic inputs.
are given in Table 8 . The results again suggest the relative small contribution of school policy inputs, with most total upper-bound contributions being under 10 percent.
Conclusions and Implications
This paper has examined the relationships between various measures of student performance and school policy inputs and socioeconomic inputs in North Carolina school districts. The relationships were examined in two ways. First, a static analysis was performed in which the data for three years were of student performance was related to the "levels" of school policy inputs and socioeconomic inputs. Second, a dynamic analysis was conducted in which this year's student performance was related to last year's performance and the changes in school policy inputs and socioeconomic inputs.
The results of the two analyses provide a number of conclusions and implications. First, the results varied by the measure of student performance used. For example, in the dynamic analysis, increases in the rate of increase of teachers were associated with increases in sixth grade reading and math test scores but not with changes in third grade reading and math test scores. This means it is potentially misleading for analysts and policymakers to base general conclusions about how school inputs affect student performance from results derived from one student achievement measure, Second, substantial differences were found for specific variables in the static and dynamic analyses. The most notable differences were for school policy inputs. For example, in the static analysis, little impact on student performance measures was found for the number of teachers, whereas significant positive impacts were found for the number of teachers with a graduate degree, the number of administrators, the number of specialists, and spending on equipment.
In the dynamic analysis, the findings were different. No impacts were found for changes in equipment spending, and faster increases in the number of teachers with a graduate degree had a negative impact on student performance in five of the 17 equations. In contrast, in six of the equations, faster increases in the number of teachers were positively associated with student performance. More rapid increases in the number of administrators and specialists continued to have positive impacts on student achievement, but in fewer equations. Therefore, to the extent that the dynamic analysis is superior because of the way it handles unmeasurable innate student abilities, researchers and policymakers may be worried about results from static analyses.
A third conclusion of the study concerns the relative contribution of school policy inputs and socioeconomic characteristics to student achievement (Table 8 ). Measures of the total contribution of all school inputs together revealed that, at a maximum, they could generally account for 20 percent of the variation in student achievement measures in the static analysis and 10 percent in the dynamic analysis. These findings suggest student performance is heavily dominated by socioeconomic inputs and unobservable innate abilities of students. They also raise a question about how scarce public resources can best be allocated to improve student performance. Would school outcomes be more improved if marginal public resources are added to school inputs
